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Abstract
Background Alcohol is calorie dense, and impacts
activity, appetite and lipid processing. The aim of this
study was to therefore investigate the association between
alcohol consumption and components of body composition
including bone, fat and lean tissue.
Methods Participants were recruited from a randomly
selected, population-based sample of 534 men aged
65 years and older enrolled in the Geelong Osteoporosis
Study. Alcohol intake was ascertained using a food
frequency questionnaire and the sample categorised as non-
drinkers or alcohol users who consumed B2, 3–4 or C5
standard drinks on a usual drinking day. Bone mineral
density (BMD), lean body mass and body fat mass were
measured using dual energy X-ray absorptiometry; overall
adiposity (%body fat), central adiposity (%truncal fat) and
body mass index (BMI) were calculated. Bone quality was
determined by quantitative heel ultrasound (QUS).
Results There were 90 current non-drinkers (16.9 %),
266 (49.8 %) consumed 1–2 drinks/day, 104 (19.5 %) 3–4
drinks/day and 74 (13.8 %) C5 drinks/day. Those con-
suming C5 drinks/day had greater BMI (?4.8 %), fat mass
index (?20.1 %), waist circumference (?5.0 %), %body
fat (?15.2 %) and proportion of trunk fat (?5.3 %) and
lower lean mass (-5.0 %) than non-drinkers after adjust-
ment for demographic and lifestyle factors. Furthermore,
they were more likely to be obese than non-drinkers
according to criteria based on BMI (OR = 2.83, 95 %CI
1.10–7.29) or waist circumference (OR = 3.36, 95 %CI
1.32–8.54). There was an inverse relationship between
alcohol consumption and QUS parameters and BMD at the
mid forearm site; no differences were detected for BMD at
other skeletal sites.
Conclusion Higher alcohol intake was associated with
greater total and central adiposity and reduced bone
quality.
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Introduction
Alcohol is widely consumed by elderly Australian men
with 78.3 % consuming at least a full serve in the past year
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and 18.4 % drinking daily (the highest proportion of any
age group) [1]. Alcohol has been estimated to account for
between 4 and 9 % of daily energy intake among drinkers
[2]. Several studies have shown that in general, alcohol
drinkers do not reduce other caloric intake to account for
the extra calories obtained from alcohol, leading to weight
gain over time [3]. In addition, alcohol has been shown to
have appetite-enhancing effects as well as being associated
with eating for a longer period after satiation, resulting in
overall higher energy intake [4].
Given these data, there is likely to be a link between
alcohol consumption and weight, in particular central adi-
posity. However, such a relationship has not been clearly or
consistently reported in the literature with some studies
reporting a positive association between alcohol con-
sumption and waist circumference [5, 6], while others have
reported an inverse relationship [7, 8]. Furthermore,
recently published data have suggested that while alcohol
consumption is positively associated with total energy
intake for men, there is a commensurate reduction in car-
bohydrate intake which may account for the lack of asso-
ciation with measures of adiposity in some studies [9]. This
was also reported in an earlier study where calories from
alcohol were additive to the diets of light drinkers (\6 g
ethanol/day); however, for heavier drinkers, calories from
alcohol were less likely to be additive but instead partially
replaced calories from other macronutrients (particularly
those from carbohydrates), and no difference was detected
in body mass index (BMI) between the groups [10]. In
addition, many studies have not used optimal, objective
measures of adiposity such as whole body dual-energy
X-ray absorptiometry (DXA) scans. Understanding the
nature of the association between alcohol and adiposity
within the elderly population is of importance due to the
widespread consumption of alcohol and the known dele-
terious impact of obesity upon elderly individuals includ-
ing impaired mobility and performance of activities of
daily living [11].
Alcohol consumption has also been demonstrated to
impact on lean tissue. For instance, at chronically high
levels, alcohol has been demonstrated to have a direct toxic
effect upon striated muscle in a dose-dependent manner
[12], with skeletal myopathy occurring in up to a third of
people with alcohol dependence [13]. Furthermore, chronic
heavy alcohol consumption has also been associated with
hypogonadism which in turn can result in decreased lean
tissue in conjunction with increased adiposity [14]. How-
ever, the impact of moderate alcohol consumption on lean
tissue is unclear.
Osteoporosis (together with the associated fracture risk)
is associated with significant morbidity and mortality [15],
with many lifestyle choices considered to be risk factors
[16]. To date, evidence regarding the impact of alcohol use
on bone mineral density (BMD) in men is inconclusive
[17], with much of the existing research focused on women
(particularly postmenopausal women), individuals with
alcohol use disorders [18], and animal studies [19]. Given
the public health implications of both obesity and osteo-
porosis, the association between alcohol use and these
conditions is important. In addition, many population-
based studies exclude those over a certain age, even in light
of the increasing proportion of elderly individuals in the
population. Understanding the impact of these debilitating
conditions upon this population is of major importance.
The aim of this study was to investigate the relationship
between alcohol consumption and body composition
including indices of adiposity, lean muscle mass and BMD
in a large population-based study of elderly men.
Methods
Participants
This study examined data collected from men enrolled in
the Geelong Osteoporosis Study (GOS). Between 2001 and
2006, 1,540 men (age range 20–93 years) were randomly
selected from the Commonwealth electoral rolls for the
Barwon Statistical Division (BSD), a geographical region
within south-eastern Australia (67 % response). The BSD
region is well suited to epidemiological research due to
having a comparable age distribution and socio-economic
indicators to the Australian population [20]. Participants
attended the study centre for clinical assessments including
anthropometry and bone densitometry. Lifestyle factors
were documented by self-report.
For this cross-sectional study, only participants over the
age of 65 years at the time of assessment were included for
analysis (n = 581). Of these 27 were excluded due to
incomplete alcohol consumption data and 20 participants
due to incomplete clinical data, resulting in a final sample
of 534 participants for analysis of BMD. For analysis of
adiposity and lean tissue, a further 34 participants were
excluded due to prosthesis (n = 27) or positioning diffi-
culties on the densitometer bed, precluding regional fat
analysis (n = 7). All participants provided informed writ-
ten consent. Approval for the study was obtained from the
Barwon Health Human Research Ethics Committee.
Measures
Alcohol consumption
Alcohol intake was ascertained from a validated, self-
report FFQ designed by the Cancer Council (Victoria) [21]
which documented the total number of standard drinks
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usually consumed on drinking days within the previous
12 months. Participants were categorised into current non-
drinkers and alcohol users who consumed B2, 3–4 or C5
standard drinks on a usual drinking day (subsequently
referred to as 1–2 drinks/day, 3–4 drinks/day and
C5 drinks/day). Participants were provided with examples
in the FFQ of how to convert volumes of alcohol into
number of glasses according to Australian standard drink
measures. A standard drink was defined as containing 10-g
ethanol. Total number of daily kilojoules obtained from
food, alcohol, and a combination of food and alcohol were
also determined from the FFQ and was calculated based on
the participants reported usual consumption on a 10-point
frequency scale of 74 foods and 6 alcoholic beverages over
the preceding 12 months. Estimated portion sizes and fre-
quencies were used to calculate nutrient and energy intakes
using the NUTTAB 95 nutrient composition data by the
Cancer Council Victoria.
Body composition
Weight and height were measured to the nearest ±0.1 kg and
±0.1 cm, respectively, and BMI calculated as weight/height
squared (kg/m2). A BMI of 25–29.9 kg/m2 was considered
overweight and C30 kg/m2 as obese [22]. A waist circum-
ference of 94–101.9 cm was considered as overweight and
[102 cm was considered as obese [23]. DXA scans (Lunar
DPX-L or Lunar Prodigy, GE Lunar, Madison, WI, USA)
provided measures of body fat mass, lean mass (including
muscle, skin, connective tissue and the lean component of
adipose tissue) and bone mineral content (BMC). Percentage
body fat (%BF) was calculated by dividing the fat mass by
the sum of body mass (sum of body fat mass, lean mass and
BMC); the fat mass index (FMI) was calculated as fat mass
(kg)/height squared (m2). The trunk region was delineated by
an upper horizontal border below the chin, vertical borders
lateral to the ribs and passing through the shoulder joint and a
lower border passing obliquely through hip joints. Percent-
age truncal fat (%trunk) was calculated by dividing the trunk
fat mass by total fat mass.
Bone mineral density was measured at the lumbar spine
(L2-4), proximal femur (femoral neck, total hip, trochanter,
Ward’s triangle), forearm [ultradistal, distal 33 % (mid
forearm)], and whole body sites. Bone quality was deter-
mined by Quantitative Ultrasound (QUS) and the calcaneus
(heel) (Achilles Express, GE Medical Systems) and inclu-
ded the parameters of Broadband Ultrasound Attenuation
(BUA), Speed of Sound (SOS).
Other measures
Smoking status was defined as current at the time of
measurement. Diabetes was defined by fasting plasma
glucose (FPG) concentration of C7.0 mmol/L, treatment
with insulin or oral hypoglycemic agents, or self-report.
Self-reported habitual physical activity was classified as
sedentary (participant walks reasonable distances, does
light housework, shopping or equivalent, normal activities
of day-to-day living but no appreciable exercise, or little
walking outside home, prepares meals, does very light
housework or equivalent, or sits in a chair or lies in bed
most of the time) vs. active (participant walks at brisk pace,
does normal housework or other work and engages in light
exercise, or moving, walking and working energetically
and participating in vigorous exercise).
The residential address of each participant at baseline
was matched to the corresponding Australian Bureau of
Statistics (ABS) Census Collection District (CCD), an area
that comprises approximately 250 households. ABS soft-
ware was used to determine the Socio-Economic Indexes
for Areas (SEIFA) value from the 2006 census for each
participant. The Index of Relative Socioeconomic Disad-
vantage (IRSD) summarises Census variables at the CCD
level that are considered indicators of disadvantage. A low
score indicates that an area has many low-income families,
people with little training or working in unskilled occu-
pations, and may be considered as disadvantaged relative to
other CCDs. A high score implies that the area has few
families with low incomes and few people with little or no
training and few people working in unskilled occupations
[24]. After obtaining the IRSD values, our study population
was divided into quintiles of socioeconomic status (SES)
according to cutpoints of the BSD determined by 2006
Australian Census Data. Quintile 1 indicated an area of
most disadvantage, and quintile 5 an area of least
disadvantage.
Statistical analyses
Statistical analyses were performed using Minitab (Version
15; Minitab, State College, PA, USA). Differences in
characteristics across the alcohol consumption categories
were compared using analysis of variance (ANOVA) with
Tukey’s post hoc test, Kruskal–Wallis and Chi-square
analyses where appropriate. Multiple linear regression
techniques were used for a cross-sectional analysis of the
relationship between alcohol consumption and the depen-
dent variables: BMD, bone quality, lean mass and indices
of adiposity (BMI, %body fat, FMI, %trunk fat, waist
circumference), controlling for potential confounders.
Polynomial logistic regression techniques were used for
analysis of the relationship between alcohol consumption
categories and likelihood of being overweight or obese as
defined by BMI or waist circumference cutpoints. Age,
smoking, energy intake, physical activity and SES were
tested as potential confounders and effect modifiers in all
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statistical models. Values of p \ 0.05 were accepted as
significant (including interaction terms).
Results
Eighty-six men (17.2 %) were classified as current non-
drinkers, 246 (49.2 %) reported usually consuming 1–2
standard drinks/day, 101 (20.2 %) 3–4 standard drinks/day
and 67 (13.4 %) C5 standard drinks/day. Subject charac-
teristics are presented in Table 1. Alcohol intake was not
correlated with carbohydrate intake r(498) = -0.05,
p = 0.27 or fibre intake r(498) = -0.03, p = 0.58, but
was positively correlated with protein intake r(498) =
0.10, p = 0.02, total fat intake r(498) = 0.08, p = 0.07
and saturated fat intake r(498) = 0.07, p = 0.06.
Adiposity and lean muscle
The relationship between alcohol consumption and indices
of adiposity is presented in Table 2. Greater alcohol con-
sumption was consistently associated with greater adiposity
regardless of the body composition measure. After adjust-
ment for age, current smoking, daily energy intake from
food, physical activity and SES, those consuming C5
drinks/day had a greater BMI and %BF than both non-
drinkers and those consuming 1–2 drinks/day and a greater
FMI and waist circumference than all other consumption
categories. Current non-drinkers had a lower proportion of
trunk fat than all alcohol consumers. In contrast, the two
highest consumption groups had a lower proportion of lean
mass than both non-drinkers and people consuming 1–2
drinks/day (Fig. 1). Compared with current non-drinkers,
those consuming C5 drinks/day had mean differences
(%difference, mean ± SE) in adiposity as measured by
BMI (?4.8 %, 27.43 ± 0.60 compared to 26.18 ± 0.58),
FMI (?20.1 %, 8.26 ± 0.42 compared to 6.88 ± 0.40),
waist circumference (?5.0 %, 103.65 ± 1.61 compared to
98.74 ± 1.54), %body fat (?15.2 %, 28.42 ± 1.02 com-
pared to 24.68 ± 0.98), and %trunk fat (?5.3 %,
58.71 ± 0.92 compared to 55.73 ± 0.88) and a mean dif-
ference in proportion of lean muscle of -5.0 %
(67.91 ± 0.97 compared to 71.45 ± 0.93).
After adjustment for age, current smoking, daily energy
intake from food, physical activity and SES, men con-
suming C5 drinks/day were more likely to be classified by
BMI measures as overweight (OR 2.84 95 %CI 1.24–6.50)
and more likely to be obese (OR 2.83 95 %CI 1.10–7.29)
compared to current non-drinkers (Table 3). Individuals
consuming C5 drinks/day were more likely to be classified
Table 1 Demographic and lifestyle characteristics for the whole group and according to alcohol consumption categories
All (n = 534) Alcohol consumption (drinks/day) p value
None (n = 90) 1–2 (n = 266) 3–4 (n = 104) C5 (n = 74)
Age (year) 76.7 (71.3–82.5) 79.0 (72.7–83.1) 77.2 (72.0–82.9) 76.0 (69.8–81.5) 73.7 (69.5–78.5) 0.002
Cigarette smoking <0.001
Current 28 (5.2 %) 6 (6.7 %) 11 (4.1 %) 6 (5.8 %) 5 (6.8 %)
Past 289 (54.2 %) 31 (34.4 %) 143 (53.8 %) 68 (65.4 %) 47 (63.5 %)
Never 217 (40.6 %) 53 (58.9 %) 112 (42.1 %) 30 (28.9 %) 22 (29.7 %)
Physically active 341 (63.9 %) 53 (58.9 %) 171 (64.3 %) 67 (64.4 %) 50 (67.6 %) 0.69
Diabetes 72 (13.5 %) 15 (16.7 %) 31 (11.7 %) 15 (14.4 %) 11 (14.9 %) 0.77
Energy intake
from food (kJ/day)
7,309 (5,960–9,652) 7,587 (6,058–9,601) 7,277 (6,121–9,359) 7,015 (5,781–8,716) 7,559 (5,814–9,542) 0.51
Energy intake from
alcohol (kJ/day)
306 (19–822) – 156 (39–415) 905 (582–1,190) 1,862 (1,186–2,417) <0.001
Total daily energy intake
(kJ/day)
7,909 (6,471–9,773) 7,416 (6,058–9,601) 7,413 (6,290–9,536) 8,696 (6,609–9,823) 9,360 (8,020–11,002) <0.001
Socio-economic status 0.52
Quintile 1 (lowest) 119 (22.3 %) 29 (32.2 %) 50 (18.8 %) 21 (20.2 %) 19 (25.7 %)
Quintile 2 129 (24.2 %) 24 (26.7 %) 63 (23.7 %) 26 (25.0 %) 15 (20.3 %)
Quintile 3 84 (15.7 %) 13 (14.4 %) 43 (16.2 %) 16 (15.4 %) 12 (16.2 %)
Quintile 4 84 (15.7 %) 11 (12.2 %) 45 (16.9 %) 16 (15.4 %) 12 (16.2 %)
Quintile 5 119 (22.3 %) 13 (14.4 %) 65 (24.4 %) 25 (24.0 %) 16 (21.6 %)
Data are expressed as mean (±Standard Deviation), median (Interquartile range) or n (%)
Bold values indicate statistical significance (p \ 0.05)
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as overweight (OR 3.02 95 %CI 1.11–8.25) or obese
(OR 3.36 95 %CI 1.32–8.54) according to waist circum-
ference than current non-drinkers (Table 3). No difference
was detected in the rates of diabetes between the groups
(Table 1). After adjustment for BMI, activity level and
energy intake from food, alcohol consumers tended to have
reduced odds of being classified as diabetic than current
non-drinkers; 1–2 drinks/day (OR 0.66 95 %CI 0.34–1.32),
3–4 drinks/day (OR 0.81 95 %CI 0.36–1.79) and
C5 drinks/day (OR 0.77 95 %CI 0.32–1.85); however,
statistical significance was not reached.
Bone
We observed an inverse relationship between alcohol con-
sumption and BMD at the mid forearm. In comparison with
current non-drinkers who had an average BMD of
0.801 ± 0.009 g/cm2, men consuming 1–2 drinks/day had
an average BMD of 0.784 ± 0.005 g/cm2 (mean difference
of -2.1 %), those consuming 3–4 drinks/day had an average
BMD of 0.776 ± 0.006 g/cm2 (mean difference of -3.1 %)
and those consuming C5 drinks/day had an average BMD of
0.768 ± 0.010 g/cm2 (mean difference of -4.1 %). Inter-
actions and confounding variables were tested and identified
as non-significant. No association was detected between
alcohol intake and BMD at the PA-spine, femoral neck, total
body or ultradistal forearm (Fig. 2).
Significant differences were detected between the
groups on the QUS parameter of SOS. After adjustment for
age, BMI and physical activity, the average SOS value for
current non-drinkers was 1,570.0 ± 5.2 m/s (mean ± SE)
and decreased for those consuming 1–2 drinks (1,566.7 ±
3.0 m/s), 3–4 drinks (1,558.7 ± 4.7 m/s) and for those
consuming 5? drinks (1,553.4 ± 5.7 m/s) (Fig. 2). Inter-
actions and confounding variables were tested and non-
significant. Those consuming C5 drinks/day had mean
differences in SOS of -1.1 % compared with non-drinkers
and -0.85 % compared with those consuming 1–2 drinks
per day.
Discussion
Overall, fat mass, lean mass and bone quality as measured
by QUS but not BMD were associated with alcohol con-
sumption in our population-based sample of elderly men.
Heavy drinking (C5 drinks/day) was associated with sig-
nificantly greater adiposity when compared to current non-
drinkers, independent of age, energy intake from food,
physical activity, current cigarette smoking and SES. Men
Table 2 Anthropomorphic, adiposity and bone characteristics for the whole group of men and according to alcohol consumption categories
All (n = 534) Alcohol consumption (drinks/day) p value
None (n = 90) 1-2 (n = 266) 3-4 (n = 104) C5 (n = 74)
Height (cm) 171.5 ± 6.7 171.1 ± 6.2 171.2 ± 6.9 171.8 ± 6.9 172.7 ± 6.8 0.35
Weight (kg) 79.9 ± 13.4 77.8 ± 15.3 79.1 ± 12.4 80.3 ± 11.2 84.8 ± 15.8 0.004
Waist circumference (cm) 100.0 (93.5–107.0) 98.0 (90.0–107.0) 99.0 (93.0–106.0) 101.0 (95.0–105.0) 103.0 (97.0–111.5) 0.008
BMI (kg/m2) 27.0 (24.6–29.4) 26.1 (23.0–29.4) 27.0 (24.8–29.4) 26.9 (24.7–28.7) 27.9 (26.1–30.9) 0.02
FMI (kg/m2) 7.5 ± 2.7 7.1 ± 3.2 7.3 ± 2.5 7.7 ± 2.5 8.6 ± 3.2 0.001
Body fat (%) 27.0 ± 6.5 25.7 ± 7.8 26.5 ± 6.2 28.0 ± 6.2 29.2 ± 6.7 0.001
Lean mass (%) 69.2 ± 6.5 70.6 ± 7.5 69.7 ± 6.1 68.2 ± 6.0 66.8 ± 6.2 0.001
Trunk/total fat (%) 60.5 (57.4–63.9) 59.0 (53.5–62.8) 60.6 (57.7–63.9) 61.7 (59.0–64.7) 60.3 (57.9–63.8) 0.007
BMD (g/cm2)
PA spine 1.31 ± 0.23 1.30 ± 0.24 1.30 ± 0.23 1.33 ± 0.23 1.33 ± 0.24 0.56
Femoral neck 0.91 ± 0.14 0.90 ± 0.14 0.91 ± 0.13 0.93 ± 0.15 0.94 ± 0.16 0.20
Total body 1.21 ± 0.11 1.21 ± 0.11 1.21 ± 0.10 1.21 ± 0.11 1.23 ± 0.13 0.64
Ultradistal forearm 0.38 ± 0.07 0.38 ± 0.08 0.38 ± 0.07 0.38 ± 0.07 0.39 ± 0.08 0.62
Mid forearm 0.78 ± 0.09 0.79 ± 0.09 0.78 ± 0.09 0.78 ± 0.09 0.79 ± 0.10 0.73
Quantitative ultrasound
BUA (db/MHz) 115.9 ± 16.0 117.4 ± 16.7 116.0 ± 15.9 115.0 ± 14.6 115.2 ± 17.9 0.82
SOS (m/s) 1,565.6 ± 42.5 1,571.0 ± 44.8 1,568.4 ± 42.5 1,560.4 ± 40.9 1,556.9 ± 41.0 0.13
Data are expressed as mean (±Standard Deviation), median (Interquartile range) or n (%)
BMI body mass index kg/m2, FMI fat mass index kg/m2, PA posterior anterior, BUA broadband ultrasound attenuation, SOS speed of sound
Bold values indicate statistical significance (p \ 0.05)
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consuming 3–4 drinks also had significantly greater adi-
posity than non-drinkers on most of the indices, whereas
low-level alcohol consumption was generally not associ-
ated with increases in adiposity. Central adiposity was
greater in all alcohol consuming groups than in current
non-drinkers. Lean tissue mass differed between the alco-
hol groups; the two highest consumption groups had a
lower proportion of lean muscle mass when compared to
non-drinkers and moderate alcohol consumers. Lastly,
there was an inverse relationship between alcohol con-
sumption and QUS parameters and BMD at the mid fore-
arm site; however, no differences were detected for BMD
at other skeletal sites.
Fat and lean mass
Our findings are in concordance with other cross-sectional
studies reporting greater adiposity among elderly men
consuming larger quantities of alcohol. In an epidemiologic
study of 12,610 adults aged C50 years, men who con-
sumed up to two standard alcoholic drinks per day were
28 % more likely to be in the obese category of BMI than
non-drinkers [7]. Similarly, in a large sample of Spanish
men, daily consumption of more than three alcoholic drinks
([30 g ethanol) was significantly associated with 1.8-fold
increased odds of abdominal obesity [25]. Men with
abdominal obesity have been shown to have significantly
Fig. 1 Body composition values (mean ± SE) according to alcohol
consumption categories. Models are adjusted for age, current
smoking, daily energy intake from food, physical activity and SES.
Significant differences indicated from a non-drinkers, b 1–2 standard
drinks on usual drinking days and c 5 or more standard drinks on
usual drinking days (p \ 0.05)
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higher alcohol intake both in terms of overall energy
consumed and the proportion of overall energy intake from
alcohol when compared with men whose waist circumfer-
ence less than 94 cm [26]. Apart from these studies, there
are limited data examining the association between alcohol
use and adiposity in elderly men. The concomitant lower
lean mass and greater fat mass in drinkers using optimal
objective measures such as DXA scans suggest that BMI
may under-estimate the extent of adiposity in drinkers. This
is one of the first studies to utilise DXA to examine the
association between alcohol and adiposity in elderly men.
In our study, groups did not differ in daily energy intake
from food, although differences were observed with regard
to total daily energy intake, whereby the two highest alcohol
consumption groups consumed more kilojoules per day.
These data suggest that drinkers do not adjust their daily
energy intake to account for kilojoules obtained from
alcohol. This failure to adjust for additional energy intake
has been reported previously [3] and may offer an expla-
nation as to the increased adiposity amongst heavier alcohol
drinkers. Australian legislation does not require alcoholic
products to provide nutritional information such as break-
down of energy per standard drink, or the proportion of
recommended daily kilojoule intake. Such information may
make the amount of energy contained in alcoholic bever-
ages more salient. Contrary to previous research [9, 10],
carbohydrate intake did not decrease with increasing alco-
hol consumption. Fat intake however (including saturated
fat intake) was found to increase and may be a factor in the
observed greater adiposity among heavier drinkers.
In addition to the additional energy intake obtained
from alcohol, there is some evidence that the pattern
of alcohol consumption may mediate the relationship
between alcohol and adiposity. In a large epidemiologic
study of US adults, those who consumed small quantities
of alcohol most frequently (one drink per day every day)
had the lowest BMI and those consuming the greatest
quantity least frequently (binge drinking) had the highest
BMI [27]. Increased frequency of consumption has
also been inversely associated with major gains in waist
circumference over 5 years even after adjustment for the
amount of alcohol consumed [8].
In the current study, those consuming three or more
alcoholic drinks on usual drinking days had lower lean
mass than non-drinkers; the deleterious effect of alcohol
upon muscle has been previously reported in both animal
models [12] and amongst those with alcohol dependence
[13]. However, the association amongst community-
dwelling elderly men has not been elucidated. We observed
that the association between alcohol and lean mass was not
attenuated by adjustment for physical activity levels;
however, we acknowledge that the questionnaire used may
not have adequately discriminated between differences in
levels of physical activity.
Bone
This is the first study to look specifically at the association
between alcohol consumption and bone quality as mea-
sured by QUS in a sample of elderly men. We found an
inverse association between alcohol and QUS parameters
in this sample. Heel ultrasound measures reflect the mic-
roarchitecture of bone and the mineral content of bone
[28] and have been shown to predict fracture indepen-
dently of BMD [29]. Furthermore, the heel is a site con-
sisting mostly of trabecular bone, which has been shown
to be particularly sensitive to physical and biochemical
changes [30].
Apart from an inverse relationship at the mid forearm
site, our data provide little support for an association
between alcohol consumption and BMD as measured by
DXA in elderly men. The reason for an association at a site
Table 3 Polynomial logistic regression analyses examining categories of BMI and waist circumference and alcohol consumption compared to
current non-drinkers
B2 drinks per day 3–4 drinks per day C5 drinks per day
n = 266 n = 104 n = 74
OR 95 % CI OR 95 % CI OR 95 % CI
BMI
Overweight 1.89a 1.07–3.34 1.87 0.96–3.65 2.84a 1.24–6.50
Obese 1.18 0.58–2.39 0.95 0.40–2.23 2.83a 1.10–7.29
Waist circumference
Overweight 1.27 0.65–2.48 2.09 0.93–4.66 3.02a 1.11–8.25
Obese 1.18 0.64–2.15 1.72 0.82–3.61 3.36a 1.32–8.54
For BMI, values of 25–29.9 kg/m2 are classified as overweight and C30 kg/m2 as obese with the reference category B25 kg/m2; for waist
circumference, values of 94–101.9 cm are classified as overweight and C102 cm as obese with the reference category B94 cm
a Significantly different from non-drinkers (p \ 0.05)
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that comprises mainly cortical bone remains unclear. This
may suggest an effect of alcohol on cortical bone but the
possibility of a type 1 error cannot be excluded.
A recent meta-analysis provided support for a linear
relationship between alcohol consumption and femoral neck
BMD, but criticised existing literature for methodological
Fig. 2 BMD (mean g/cm2: ±SE), BUA (mean db/MHz; ±SE) and
SOS (mean m/s: ±SE) for groups according to alcohol consumption
categories. BMD models were adjusted for age and weight. BUA and
SOS models were adjusted for age, BMI and physical activity.
Significant differences indicated from a non-drinkers and b 1–2
drinks/day (p \ 0.05)
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issues including small sample sizes and failure to separate
moderate and heavy drinkers within analyses [31]. In con-
trast, a recent systematic review of the risk factors for low
BMD in men aged C50 years concluded that the evidence
for a link between alcohol consumption and BMD was
inconsistent and weak [17]. In the current study, we report
that alcohol intake was positively associated with body
weight and adiposity which have known positive associa-
tions with BMD at weight bearing and non-weight bearing
sites [32]. It may be that the impact of increased weight
overshadowed any impact of alcohol consumption upon
BMD; in this study, however as all models adjusted for
weight this seems unlikely. Furthermore, information was
only gathered about previous 12-month alcohol consump-
tion, therefore it may be that past patterns of alcohol use
impact BMD.
Strengths and limitations
This study is one of the first to investigate different levels
of alcohol consumption and measures of body composition
as measured by DXA across the full elderly age range in
men, including participants aged over 90 years. Further-
more, we were able to test numerous potential confounders,
which have been identified as limiting the findings of
previous studies. A further strength lies in the randomly
selected sample of men drawn from the population. Nev-
ertheless, there are a number of limitations to consider.
Alcohol consumption was self-reported and no means were
available to test the veracity of reported consumption. No
information was available regarding past alcohol con-
sumption; consequently, the group of current non-drinkers
is likely to comprise both lifetime abstainers and former
drinkers. In addition, we were unable to factor the detailed
frequency of consumption into our analysis. As with all
cross-sectional studies a causal relationship between alco-
hol consumption and differences in body composition
cannot be inferred. Unrecognised confounding may have
biased these results and our interpretations are limited to
elderly men.
Conclusion
This study suggests that among elderly men, higher levels
of alcohol consumption are associated with greater adi-
posity, increased central fat distribution, lower lean tissue
mass and a possible impact upon the structural and elastic
properties of bone. These findings are an important addition
to our current knowledge base, particularly in relation to the
associated health and mobility consequences of obesity and
the protective effects of lean mass in the elderly. Alcohol is
regularly consumed by a significant proportion of elderly
men, and it represents a key modifiable risk factor and
potential target for intervention in elderly patients experi-
encing weight gain, loss of lean muscle mass or low bone
mass.
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